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Bropan MeiKAyHapoAHan KOHipepeNAHR 
OpraHHsaAMH OdbeAHHeHHbix Ha^HH 
no npHMeHeHHH) aroMHoli aneprHH 
B MHpflbix Aennx 


A/C0Ni'Vl5/P 2-176 
I J GISH 

OJilGINALrHUljaiAN 


Ho noA^owHT or/iaujcMHK) /\o 0({)HUHa;ibHoro coo6uxohhm na lioiii|K*poHUMH 


HHTOrEHETH^IEClOia 3'M^EICT BQ3ilEPlCTBMH MOIIH3MPymErO 
H3Jiy4Em-iyi ha JUIPA SArOJlUlllEBUX IUIETOK 0EH3BH1-I 

r.r.THHflKOB M M,A.ApoeHbeB3 
BseAenwe 

noBUiueHMe (J)OHa pajj,Ma]4MM, BB/iBtouteecH c;ieflCTBH8M Mcnonfesoea- 
HHB aiOMHoH OHeprwH, nociaBM/io nepeA coBpeMeHHoK HayKoK sa^a^iy 
nepBOcieneHHOtt saiiCHOCTM; onpoAe/iMTb, KOKOfl speA moucct duib npimw- 
Hea B CBB3H c 3TMM coBpeMeHHOMy w OyAymuM noKO/ieHMBM qeAOBeMecTBa. 

Ha }KeHeBCKoK KOHipepeHUHH no MwpHony wcnonbsoBaHWio btomhoK 
DHeprwH B 1955 r. Bonpocu paAMoreneTHyecKoro oiiKpeKia na 'ie-aoBeKa 
paccMaTpwBajiHCb b AOKJiaAax Mefl^epa, Kapiepu, PaccenJia h yoAAeca(I 

Oahmu h 3 TpeCiyioiHHx ocoOohho npMCTa;ibHoro way^eHMa aBflaeTca 
Bonpoc 0 noTeHUHaabHoM onacHociH nocioflHHoro odayqeKMfl MaauMH 
A03aMK, B HacToamee Bpewa ii/deexca y«e paA Aannux o tom, mio bu 3- 
BaHBiie oday^eHMeM waMeKeHHa reueTn^ecKoro Maiepwaaa cayiicaT npimn- 
Hoa paAa aHOMaanri y Maei-conmaiOiUHx, kbk to; cTepHabHocm, noasae- 
HHa ypoAciB, THdeaw oMdpwoHOB, noHMiKeHMa raoHecnocodHocTH vl t.a. 

WsMeHeHHa, BooHUKaDAiie noA B/inaHHeM odayqeKwa b coMaiHqecKHx 
KflBTKax, MoryT npMBeciw k ibkhm laiKeauM nocaeACTBuaw, kbk aeHKe- 
MHa « saoKaqecTBeHHiie onyxoaw. 

Ha BaiiCHocTb paapadoiKti Bcex 3 Tmx npodaeM yKasuBaiOT BceunpHaa 
opraHHsauwa SApaBOOxpaHeHHa, a laKuce cneuwa/ibHue padoTU paAa 
yqeaux (2-4). 

B HacToamee BpeMa HaKonasHH SHaqiiieabHiie ASHHhie o MexaHH3Me 
BOSAeHcTBHa HOHMSMpyioiUHX MsayqeHMH Ha aApo, Ha xpoMOcouHua anna- 
paT Ap030(pnau, HeKOTOpbIX liKBOTHHX W paCTOHHH. Bce COBpeMeHHbie 
pacqeiH o aoKcibkh paAnaHHii Ha HacaeACTseaHOCTb qeaoseKa ochobu- 


25 YEAR RE-REVIEVy 
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BBDicfl Ha jKauHux no paAHoreHeiiiKe ubiiuetl. Hsbqctuo, mo 3apo;(uino- 
Bue KAeiKH y uhiiuett no EOAimecToy uyiauHfl b 10-15 pas 'lyBCTBiiieAb- 
Hee, qau y Apo30(j[)Mji. Bcia®! Bonpoc, ne BBijneicn nvi qajiOBeK h ae- 
KOTOpuo KHBOTHhie, cTOBUiKe dnHTKo K MOflCfleKy, donee pa;;HoqyBCTBH- 
leABHUMK, qeu uudih. 

ripw HsyqeHMH oioro Bonpoca donbuioe aHaqeHwe AoniHO Hueib 
MccneiioBaHMe s^oktob bosaoHctbhb MOHnsupyomHx nsnyqeHBR ua odesB- 
HH, a TQKve Ha KneiKH couoro qe/ioBOKa npH iiOMOimi Ky/ibiyp TKaneH. 
HeodxoAHuo Toqno ycTauoBdxb xapaKiep a inn HSMeHeHHfi, BOSHHKBDiiiiiix 
npu od/iyqeHHH o H;ipQx icneTOK ceMeHHHKOB n flanHUKOB y odesbHH^ on- 
pe;ie/iHTb, KaKOfl thh wswoHeuMt! BCTpeqaeicii qame, Ha KaKoH ciaAHM 
cnepuaxoreHesa h OBoreHeaa. 

B AaHHOu coodiqeHHM npMBOAHTcn uaiepHanu, BCKpuBaioiidie Aettci- 
BHe paAHaHHH na HAopHue cxpyKxypu b sapoAuiueBUX KnexKax odesbHB 
Ha pasHUx ciaAHHx cnepuaxoreHesa, a xaKve cpaBHHTenbHue ashhuo 
no Bxouy Bonpocy, nonyMOHHue Ha Humax. 

Maiepnan n uexoA 

B KaqecTBe uaiepnana abb HccneAOBaHHH dunu bshxu odesbflHU 
(Macaca mulatta), CeMeHHMKH HOpiiBAbHUX M OdnyqeHHHX 

odesbHH dHAK nojiyqeuu npH BCKpuinii mboxhux Ha CyxyucKofl ucahko- 
dHononmecKoH cxaHiiMH AMH CCCP. 

Bcero dbijio 0cc/ieAOBaHo ceut ceiieHHHKOB ox HopManbHHx koht- 
ponbHUX VHBOXHUx B Bospacxe ox 4 AO 7 nex h mecxb ceuoHHHKOB ox 
odnyqeHHux peHireHOBUUM nyqaMW occdeS b BOspacxe ox 2 ao 9 nex 
(xadn. I). 

OdflyqeHMe oOeBbflH npOBOAHAW peHxreHoasMH nyqaMH npa cneAyto- 
AHX ycnoBHHx: 190 kb, ISwcI; (pMAbxpu: ua paccxoH- 

HHH, paBHOM ABO0HOa AAMHO XynOBHllia «MB0IH0r0. JlOSa BOSAeKcXBMH 

150 - 500 p. CeMeHHHKw nepeHOCHAH b nepBue iO-20 umh. nocne sadofl 
«HBOTHUx b $HKcaxopn(Kap«ya h Bysn). 

npenapaxbi duM nptiroxoB/ieHH AByM cnocodaun. 

1. npH noMoiAH oduviHoi! napa^HHOBoK sannsKH c nocneAyioiAei! 
OKpacKoM iceneSHHM reuaxoKcnnnuoM, a xaK^e apn HcnoAbsoBaHUH ^enb- 
renoBCKoK peaKUMH. 

2. ToxanbHHi/r auexoKapuHHOBHH uexoAOu. 

Jl/ifl HccneAOBaHKB xpouocoi^uux peopraHHsamiS b sapOAHineBUX 
KAeiKax denux MtnueJi dunii HcnonbsoaaHiii cbmuh nadopaxopHoH nonyna- 
LIHH B Bospacxe 30 - 40 AHeH, cpeAHwK sec Koiopax cocxaBflflA okoao25i. 
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JKmbothiio noAsepru/iMCb peiiirGiiOBiiMH /lyuaMW npK 

ycnoBMiix: 190 kb, 15 Ma, iJ)M;ibTp 0,5-«XLCu4-i-u.a^ A& , paccTOflHwe 
i;3 CM. jioaa DoyAuWcTumi b onuiox cucTQBflflJia 400 p. KwBOTiiue 
dLi;iH sQdHTLi cnycTJi il cyioic h ^epea 40 ahgJI nocjie od/iyqeiiMB. Oa- 
iioBpeMeiiHO D icawAbill mb btmx cpoicoB sadMBanHCb Heodjiy^eHime, koiit- 

pOflbHUe TiCMBOTHUO. CGMeHUMKM* (pMKCMpOBa AM B KapHya C nOCA0AytOlHett 
OKpacKOii aueTOKapMMiioM. 

XapaKTepMCTMKD HopwaAbHoro nadopn xpoMOCOM, ocodeniiocTM 

CTpyK'rypbi m noBCAeuMfi xpowocoM d MoiioBe y odAyuenHUx 

OOeBbflH 

XpOMOCOMHblH Hadop y Odesb/IH Macaca mulatta BnepBue 

6iiJi odcAGAOBaii B 19^4 r. IlaMHTepoM. Oh ycTaHOBMA, mto b K/ieiKax 
CeWeHHMKa BTOrO BMAQ AMnAOHAHUll XpOMOCOMHHfl Hadop COCTOMT M3 48 
BAGMeHTOB. 

HaiuM MCCAeAOBaHMA KapMOTMna b ceMemiMKax loro nee bhab odesb- 
AH coBnaAaioT c btmmm AaHHUMM naiiHTepa. 3to noATBepncAaeTca Taxsce 
noAcyeiaMM b ranAOHAHOM Hadope b BKBaTopMaAbHux nAaciwKKax n 
MeI^oTM^ecKO^o AeAeHHfl (pwc. i a, 6 ), B weia^aBHux riAaciMHKax 

cnepMaToroHMti doAee itpyiiHue xpowocoMU BcerAa pacnoAarawTCfl no ne- 
pM(pepMH KOMHAeKca, a doAee MeAKHe - b uenipe. B nAacTHHKax mgHoth- 
qecKMX AeAGHWli, no-BMAMMOMy, HadAWAaeicA ciporafl ynopnAOueHHOCTb, 
npH KOTopofl nomu Bce xpOMOcoMU aaHHMaioT nepMiPepimecKoe noAonceHHe 
Boicpyr Bepeiena, odpasyfl qjMrypu aoboabho cTpoMnux koagu (pMc.ie ). 

B npOBGAeHHOM paHGG rMCIOAOrnueCKOM MCCAGAOBaHMH (5) CGMGH- 
HMKOD OdAyqeHHbIX OdeSbHH dHAO yCTaHOBAGHO: 

1. HaAM^MG doAbuioro KOAHuecTBa nHKHOTHyecKMx BAep M paapy- 
niGHHoro xpowaiMHOBoro MaiepMaAa AereHepMpoBaBDiHx kagtok. 

2. ACMHXpOHHOCTb B paSBMTMM OTASAbHUX CGMGHHUX KaHaAbHGB 

M dOAGG MGAAGHHHft XOA CnGpMaTOrGHGSa y OdGSbAH, OdAyqGHHUX B B-AGT- 
H 3 M BOSpaCTG. 
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TadAMua I 


It 

XHBOI- 

Horo 

Bospacx 

K uoueu- 
xy oday- 
qeuHa 

Boapacx k 
uoueHxy 
FHdeaH 
nan 3adoa 

■Jlosa 

oday- 

MeuHa, 

P 

CocxoaHne 

cnepMaxo- 

reHGsa 

npimuHa 

rndean 

2 

2 roaa 

4 roAa 

450 

ACdHXpOHHOCXby 

HHiliaHxnabHocxb 

Sadni 

6 

2 roaa 

4 ro^a 

300 

CiepiiabHocxb 

tl 

4 

3 roaa 

5 aex 

450 

HecKoabKO saneA- 
aeHBiiM xoA cnep- 
uaxoreHesa 

If 

r 

23 

4 r. 4 Mec. 

4 r. 4 M. 4 tAH. 

400 

BHeuiHe HopMaab- 
Hua cnepMaio- 
renes 

tt 

I 

8 aex 

10 aex 

150 

BuetuHe uopMaab- 
Hul! cnepMaxo- 
reaea 

ft 

9 

9 aex 

10 aex 

500 

CxepnabHOcxb 

norHd ox 
odoexpeHMa 
XpOHH'ieCKOH 
AHseuxepHM 


B ceueHHux KaaaAbaax nATHfleiHett (K? 4) h AecAxuneTHefi (1^ 4) 
odJiytieHBUx odesbHH npoieKaei BiieniHe HopMe;ibHufi cnepuaioreues, 
odpasyeicfl UHoro cnepuai030ii;(0B. BcTpevaeica mhofo MUioiimecKKX 
$Kryp H pasHue CTaAHH ue^csa. O^naKo npH oonee AeiaJibiiou paccMoi- 
peHHH uaTepiia;ia y;(aeTCB yciauoBHXb pB^i Kiieio^Hux HapyaieHHS, koto- 
pue He BCTpe'iauTCfl b kohipoabhou uaTeptia/ie. 

4. PacnaA ^Aep na HecKO^ibKO ue;iKMX KapHocoM bjih Ha dojiee 
KpynHHe rjiudKii xpoMaiwHa (pwc. zS ). 

2. CflHnaHHe xpoMaiHHOBoro a^epHoro MaiepHaaa b decnopaAo^- 
HHe raudEH, HanoMi{HaH}i!(He ^nrypu WKiiHesa. 

3. HenpaBHabHoe pacxoxaeHHe rpynn xpouocoM b ueiioae) b pe- 
syabTaie qero k oflHOisy noaocy sepeieHa OTXoaHi doabnee KoaimeciBO 
xpouocoMHoro MaiepKaaa (pue. 2 a). 

4. HaaMHHe wx- h MeibipexaaepHHx KaexoK. 

5. HaaHqae TpexnoaocHHx mhtobob b pesyabiaie Hapyienaa an- 
napaia Bepeiena (pHc.2 d). 

6. CTpyKiypHue HapyiiieHHa xpoMocoM, 

JIaHHaa KaxeropHa HSueHeHaS sacjiyiniBaei ooodoro BHHuaHKa, tbe 
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KflK np0ACTQDflfl0T C0(3otl H0OdpQIHMLI0 UHTOroHOTimCCKM0 nOpOCTpOftKH 

fl;i 0 pHoro MaT 0 pMQna, K Muc/iy uacTO BCTpa^acinnxcn oTK/ioHeHHtl aioro 
Tuna c;i0AyoT othoctm xpoMocoMHue moctipI d anacjiuaax w Te/iocpasax 
MoHoTMiiocKoro AG/ieiiM}!, napyuioiiH/i npw pucxo«Aeiiwn, noflo/ieHMO auei- 
pny0CKiix ii)parMenTOD xpoMocow w t.;u (ia(3;i, 2). 

ripH paccMOTpeiiiiH TQO/i. 2, FAQ npHDeAGHU AQHiilie no TpeM 
odosLiinaM, oTMOMaeTCfl c/io^yiomoG miTepecHoe HB/ieHUo. B cewGHHMKax 
odesbflHbi I, odiiyMGUHOfl ao3oM 150p h sauHTOil cnycTfl 2 roAa, 
odnapyifCMBaGTCfl ,no waMOHeHHux anaipas (aiiaipaaLi c oahmm, aBj/ma w 
qeibtpbMfl XpOMOCOMHUMM MOCiaMU M aU 0 HTpMUGCKMMH (ppariieHTDMM) . 

B C0MBHlrIMKaX 0d©3bAHU K 4, OdJiyMGHHOM 450/5 M SaOHTOM 
TaKTice cnycTA 2 ro^a, odmuH npoucHi HapyiueHwR AOcmraaT 10,6^. 

B TO «e flp 0 MA y odeSbflHU te 23, odAyqGiiHoM npuMepHO toK we aosoM 
(400p ), HO aaOMToH cnycTA II AHeH nocne odAyHOHMA, oduiHll npo- 
ueHT HapyoieHHUX anaijjaa AOCTwraeT 

OcodeHHO MHoro HapyiueHMK OTMe 40 HO npn pacxowAeHWM xpoMocoM: 
KOMKOBai’OCTb H HeMGTKOCTb MX (jpHryp, OTCTaBaHHe OTAOAbHblX XpOMOCOM 
M (i)parMeHTOB. 

HaAM4we laKoro orpoMHoro yucAa HSMeHeHHUx anaiims yKasuaaex 
Ha TO, qTO AaHHaA Aosa BOSAeiicTBHA BHSUBaeT doAbinoe KOAHqecTBO 
xpoMOcoMHUx HapyuiewMil. Mepes 2 roAa oidopoM mb hmx aflWMHHHpyiOTCA 
''J HaHdoAee BpeAnue h rpydue HapyuieHMA, lorAO nax Menee BpeAHwe cno- 
codHU pasuHowaTbCfl b riocAeAyiouiHX KAeTOMHux reHepauwAX cnepMaio- 

rOHWa, COXpaHATbCH M BblABAATbCA B KOAHMeCTDe AO 10^. 

OpeAH odHapy-seHUhix HSMeHeHHw HaHdoAee 4acT0 BCTpeMaioTCA 
anatpasu c oAHHapHtaiH MociaMH Cxadn. 2 h pMC. 3 a,d ), pewe - 
C AByMA H TpeMA MOCTaMH H T.A* (pHC . 3 B-A^ • 

WHorAa OTAOAbHUe moctu oxasHBaioTCA paBopoaHHUMM b pesyAbiaTe 

eCTeCTBeHHOiO paCTAWeHWA XpOMOCOU. 

HaAMUwe 2-4 -xpomojomhhx moctob b anaiJiaBax yKasuBaei Ha buco- 
KyiD KOHUeHipauMio xpoMOcoMHUX nepecTpoeK, boshmkiumx noA BOBAewcT- 
BMGM MOHHBMpyioyero MSAyyeHMH. 

Ha Apyrwx bwaob xpouocoMHUx HapyiueHHK CAeAyei oiMeTWib ot- 
CTaiOAHe H aaAepwHjaaioiUMecA na aKBaiope Bepeiena xpOMOcoMHHe sppar- 
MeHTU, KOTopae npeAciaBAAiOT codow ai;eHTpH'4eoKHe xpoMOcoMuCpHc.S 
e-w). 

'^aKT HaAH4HA xpoMOCOMHux MOCTOB B aHs^asax H Te;io(|)a3ax elite 
He noaBOAAei to4ho onpeAGAHib KaieropHto bo3hwkiiihx xpoMocoMHUx 
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Ta(}Auua 2 


qacTOTB fl^epHUx HapymeHHil, oOaapyxeHHUx b sapoAHueflHX 
K;ieTKQx oOesbflH, oPfly^enHux pasnuMii ;;03aMa a aadwTUX 
B pa3nii0 cpoKH nocJie oPflyueHaa 


Tanu asueaeHalt b 
aaatpaaax 

OdeabH^a 
iO ;iuT,A03a 
i50p. Sadaia 
cnycTB 2 roAo 

OdeabHHa 4, 

5 /I01, AO 3a 
450/?- 3adMTQ 
cnycTfl 2 roAa 

OdesbflHa Ifc 23, 
4r.4uec. , Aosa 
400 p. Saoaia 

Ha ll-H AeHb 


adc. 

qacJio 


adc. 

tiacAo 


adc. 

qacAo 


AHOMa;iaa uaiosa 
(KOUKOBaTOClb B 
Hanpasa/ibHoe pac- 
xowHwe XpOMO- 

com) 



33 

5,1 

626 

1 

51,96 

AHa(i)a3u c OAHaw 

MOCTOM 

9 

3,19 

20 

3,08 

52 

4,31 

Aaa^asu c AayMfl 
MOCiaMH 

2 

0,71 

9 

1,38 

12 

1,00 

AHa$a3ii c TpeMfl 

MOCTBMM 

- 


3 

0,46 

I 

0,08 

Aaa^asu c ueiupbMfl 
Mocxaua 

I 

0,35 

- 

1 

Mi 

- 

AHa$a3ti c aueHT- 
pa'iecKHMW (ppar- 
ueHiaMH 

2 

0,71 

4 

0,62 

100 

8,30 

AHai|)a3ii c uocTOM 
a (pparMeHTawa 

- 

- 


- 

3 

0,25 

3cero ana(i)a3 c 
asMeaeHHeM 

14 

4,96 

69 

10,64 

794 

65,90 

ll3 Hax aBa4>a3 
c MocTaiia yi^) 
^parMeHTawa ■' 

14 

4,96 

36 

5,85 

168 

28,66 

KoAa^ecTBO aop- 
MQAbHHx aaa^as 

268 

95,04 

579 

89,36 

418 

34,49 

Odmee Bcex 

ananas 

282 

- 

648 

m» 

1212 

— 


IIooiieHT Ba«.Hc/ieH des yqeia KO/iwqecxBa aHaijas, yKasasHoro 
'nyHKie ladaHUH. 
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nepecTpooic. 'Ito icacaeTC/i MeiatliasHux xpOMOcoM, to Ha^wmie Cio;ibiiioro 
KO/iMqecTLia mohkmx m wajio paa/iwmiMux weiic^y codoii xpOMOcoM ne no3- 
BonHOT HQ OTOfi cTaj^Mw ijji,opHoro uMKJia MAGHTHcpMUHpobaTb paouue iwriu 
XpOMOCOMlIUX nepOCTpOQK. 

B cBflsw c OTMM dujio odpaiiieno BHHMaiiwe hq MccjiejtOBaHne pasnux 
THHOB XpOMOGOMHUX aPeppQHWM B CHHQnTMpyiOUtMX np0l.pa3HHX XpOMOCOMaX 
MOvlOSQ, ripn HOCnejtOJJQIIHW TOICHX y^Q^OCL OdHapyTKMTb KapiMHy, 

HanoMMHamiyio KompHrypaamo HUBopcwK. Bo/iee Tinaie/ibHuK aHa;iM3 nep- 
floro cnyHQB noKa3a;i, mo odHapyiKeHHoe xpoMocoMiioe mswohohmo npe;i- 
cTaB;iflflo codoM ptBoiiHyio MHBepcmo (pMc.4a,d). 

XpOMOcoMa, co^tepiKamafl ;^fle WHsepCHH, dujia BudpoiueHa H 3 npo- 
$a3Horo K/iydxa CMHanTwpyDiiiHx xpoMocoM w b SHamiTG/ibHoH cTaneHW 
pacnpaB;ieHa, mto h nosBOHMJio ycxaHOBHib xapaxTop aOeppaawM. Ha 
AHcianbHOM KOHi^e OTOii napH cMHaniiipyioiiHix xpoMocoM hstko bubbh- 
;iacb KOH(J)MrypaiiwH npocioH MHBepcwM c poMdwicoM pacxo;;aiHinxcfl ran- 
aoHAHux hutoM. Ha npoKCHMaabHOM KOHue TO0 TKe napu CMHariTMpyiDinHX 
xpoMocoM Haxo;;MHacb BTopan npociaa MHBepcufl, KOTopyio Taxie duao 
nerKo ii^teHTMipimwpoBaTb no Ha;iHHHio ranflOH;;Hbix pacxoAfliHMxca Hwieii 
(pKC. 4 d). 

Kpowe 3Toro CJiynafl, dbi;iM odHapyiKoHH ema Tpn HHsepcMH: o^taa 
H3 HMX dHM TaK«e Ha flwciaflbHOM KOHiie o^iHoa H 3 nap CHHanTHpyroaiHx 
xpoMOcoM ; .npyrafl Haxo^njiacB b cocTaso donoe c^iouchom adeppauHH, 
a TpeTbfl, o^tHHonnafl WHsepcwa, pacno/iaranact b cepeAwne cwHaniH- 
pyiouiefi napH xpoMocoM. 

Bee odHapyseHHue naidH HHBepcHK Bcerjia pacnoflaranwcB b Budpo- 
inGHHUx W3 npoepasHoro Knydxa KCHBiornpytoiHHx napax xpoMOcoM. Bee 
3TH XOOMOCOMU HaxOAHOOb Ha CTaAMW naXMTeHU. 

no;iy'ieHHb[e Maiepwa/ia od 3#eKTax BO3Ae0CTBHB peHireHOBHx 
JiyneH Ha odesban noKasuBaioT, mo oduiee oday^eHMe odestaH fl03o2 
ISO - 450p BHSbiBaei, Hapa^y c rMcioaorwHecKHMH OTKaoHeHwaMH, 
pesKHe i(HToaornqecKHe HapymeHHa ceMeHHMKOB. HaanMMe AereHepMpys)- 
mwx M nHKHOTHHecKMx a^iep, odHapyuceHHUx b rwcToaorimecKOM Maiepwa- 
ae, a laKie Haawqwe do;ibujoro KonwqecTBa xpoMocoMHux nepecTpoex 
yKasHsaiOT aa AaKTeabHHw h nocToaHHO H^tymiiS nponecc paapyiueHHa 
aj^epHoro BemeexBa, susBaHHuM oj^HOKpaTHUM odayqeHneM peHTrenoBHMK 
ayqaHK. HadawaBiiiMeca UHoroqwcaeHHHe HSMeHeawa a^pa BosHHKnw He 
epaay; pacna^ a^ep aBMaca cae;;cTBMeM cepHM nocfleAOBaxeabHHx Hapy- 
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nieHMfl B annapaifl KflOTOUiiaro w xpoMOcoMHoro noc;ie odJiyMGHHflc 

BcxpauaDiUHGCB moctu b aHuiiiaBQX bcofaq HBXfiDicfl noKasaiaJiflUM 
HaiiimHfl xpoMOcoMHUx adeppauMtt* Taxwe mociu woryx duxb BU3BaHU kok 
HUB epcHflUH, iQK H TpaHCjiOKauHflMH. IIocKOflbKy B HafliHX MBTepHajiax 
H3 Bcex iMiiofl xpoMOCouHUX nepecipo8K noKB odHapyTKeuu xonbKO mh- 
BepCHK M nocKOflbKy xpoMocoMHua MOCTU conpOBOiAa>2xcfl MHorjia auoH- 
ipw^ecKHUH ^parMemawH, uotHO cAeaaxb buboa, mo yepea 2 ro^Q 
nocjie odJiymHMfl h 3 xpoMocouaux nepecipoeK b ochobhom ocTaHyxca 
QHBepCHH. 

Oahoko He MCKJiwqeua bobmoihooxb, mxo b oxAoabHUx cJiyMaax, 
Hapfl^y c MociaMM, BiisHBaeubaiH HHBepCHBMH, uoryx duib moctu, bo 3- 
HHKaDinne H B paayflbTaTd xpaycxoKaniiH, xeu donee, mo aad/iBAaJiHCb 
kqk AByxpoMaxH^^HHe, tbk h oAHoxpouaiHAHbie mocth, j^ByxpoMaxBAHuo 
Mociti Moryx B03HHKaTb B pe3ynbxai0 nHsepcwfi Ha ochobc KpoccHHro- 
Bepa B cMHaniHpyiomea nape xpoMOcoM. OAHOxpoMaxHAHHe moctu (b cbb- 

3K C HaflM'IlieM AimeHTpHMeCKMX XpOMOCOM) MOryX dUXb CJieACTBWeM 
Kax HHBepcaa, xax a TpaHcnoKauHfl, boshhkuimx BHamaxenbHO pani-iiie 
AaHHoro AeneHHfl KneTKM. 

Tax xaK c MOMeHxa odJiy4eHWfl Asyx odeabflH npomno 2 ro^a h see 
KneiKH, odnyMeHHue Ha donee iiosahhx cTaAHBX paBBUTiin, dunH undo 
BHUMBHapoBaHH oxdopoM, Xiido BUdpoineHbi B BHAe spenHX cnepuaToeoi!” 
AOB, TO ecTecTBeHHO, BTO HeodxoABMbie Tenepb xpoMOcoMHue nepeexpoH- 
- KK MorjiH BosHHKHyxb jiMDib B pQHHHx rGHepauMBx KnexoK, x*e* cnepMaxo- 
roHBflX* AdeppauHH, OKasaBinaecfl donee ^waHecnocodHUMH, a Tenepb 
odHapyjttHBaioxcfl Ha pasnux ciaAHflx MeHosa. CneAOBaxenbHO, Hesepno, 
^TO no McxeyeHHH AnHxenbHoro epoxa nocne odny^ieHiifl paexoAOBaHwe 
apenux nonoBtix KnexoK h mdenb xneiOK c xpOMOCOUHUMii nepeexpoBKa- 
uw, BOSHHKfflHMH Ha pasHux cxa^MBx xaMeToreHesa , nonHOCxbio Boeexa- 
HaBflHBaDX HopManbHyu nnoAOBBiocxb h cHMMaioT nHxorenemnecKiiB 
3(Jxi)eKi odny’ieHHfl. 

M3 npwBeAeHHiix MaTepnanos bhaho, mto xpowocowHue nepecipoB- 
EM , odHapyiseHHue b ceMeHHUKax ooesbfiH h BOBHUKiune noA bosaoBcx 
BH eM HOHHSMpyDUiero Ksny^eHUH, oKasanwcb aHanorwMHHMH xeM, Koxopue 
yse sHa’iwxeflbHo paH&iue BH3bi3a/iiicb peHTreHOBHiiii ny'^aMU y jiposoijiiinbi, 

pacieHHB M MUflieB. 

Odpamaei Ha cedn BHMMaHwe tot (paKi, mo y odesbUH OASOKpaxHafl 
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,11,038 4r)0p aU'dUOaOT cpuuy OMOHb OoAblUOO KOJ1MH0UTBO XpOMOCOMBUX 
nopccTpociK Ha bcox cTa,iui>ix ciiepMUToroiieaa, b tom H’l^icfle h a cnepMa- 
TOrOHHJlX. 

OpilDHWTCMll HWH uliu;inu yippt'ICTa UOOAOMCTUM)! HOHWawpyiOlHOtl 

piU^HUUMW HiJ 'JllpOAUltlOliUO lUlCTKH 0003bilH 14 MUW0{! 

Hcc;ioAOimiiMa roiitjTW'iecKoro Dtixpeicxo bosagHctumh wsflyHOUnH Ha 
roHd.nu mhiiioM ou;io ripofle.n 0 Ho p>iAOM aoTOpOB h Aa/io npeACTaflJieiiHO o 
unwfliimi oOwyiioHMB hq pniinHimue c'ra.nmi cnepMaioreHoaa , Ha boshhk- 
HoaeHHe roimux wyiauHii w xpoMOcoMHiiX iiopocipooK, b 4acTH0CTH 
tp«hc/iokquhM C6-I2;. Hu ochobuhhw nonywenHUx abhhux no qaoioie 
MyTUUWM B CllCpMUTOrollHHX MUlUeH Ouno npOB0A0HO CpaBHeHH0 c ABHHHMH 

no qacTOTc MyTauwii y Aposoipiwiu (13). AHanna noxasa/i donee BUcoKyo 
reiieximecKy 10 paAwouyitcTflWTonbHDCTb wuuietl no cpaBHeHwio c Aposo^n- 
noU. 

MexoA yqeTu xpoMocouHUx nepecxpoex no qncny aHa^asHUX moctob 
B pu3Hbie cpOKM noc/ie odiiyqeHHH noauoiuiex cyAMXb o KoaimecTBe 
BOSHMKaDAWX IIOA BnHHllHeU M 3 iiyqeHilK W OOXpaHflIDinMXCB XpOMOCOUHUX 

nepecxpoeK cpeAH pusMHoncuBDmMxcfl aapoAHuieBUX KneiOK. Taxoa uhto- 
reHexHqecKHfl ueioA nosBOiinex npooecxH cpaBHWTenbHua ananiis b ot- 
HooieuHH qacxoTu MH.-ijiuipOBaHHUx xpoMOcoMHbix nepecxpoeK y paa/inqHux 
sMBOTHUx. rioxy^eiinue cpaBUHTenbHue AaHuue Moryx noc/iyxnTfa Kpme- 
pweM AJiii oueHKH iiHToreHeiimecKoa paAMoqyBCiBHTenbHociH paBHUX* 
iKHBOTHbix K odiiyqeHHio. 

CpeAH Hccne,no3a,iHUx odnyqeHHux ooesbUH oahb odesbflHa {W<i3) 
dim sadHxa aa il-R Aenb nocne od;iyqeHHB peHxreuoBiiMH nyqaMii ao- 
30H 400p. npH COXpaHeHHK, no BOSMOXHOCTH, UAOHTimHUX 4lI43Hqe- 
CKMX yc/iOBHK onHTu OujiM npoBGAeHbi odnyqeHHfl MuieH toK xe ao 3O0 
peHxreHOBux nyqeK. SMBOxHHe dyjin aadmu cnycxa ii cyxOK h 40 AHen 
nocJie oO/iyqeHWfl. OOHapyiteHnue uHTonomnecKiie HSMeHemia b sapoAM- 
ineeux icnexKax MHiiie0 dbiM aHanoriaqHH HSMeHeHUBM, HaOnoAaBuiHMCfl 
B sapoAHUieBUx KnexKax odesbflH. PasjiwqHn OTMeqanHCb «HiUb b oxHODie- 
Hnw qacTOTbi xoro mm HHoro HupyiueiiHfl (ladn. 3). 

H 3 xadniiubi 3 bmaho, mo y MuineK BcxpeqaDxcfl name oAHHapHue 

XpOMOCOMHUe MOCTli, Ha li-ii AeHb OHH OdHapyJKMBaiOTCfi B 3,63^ CJiy- 
qaeB. npHMepHO c tskoM i?:e qacxoTol! OTMeqaBTCfl aeaipasH c aueaxpH-* 
qecKHMH 4)parM8HTaMM (4,65%). Meiibuie BOSHWKaex aHacpae c Aeyua 
MOCiaMM (0,37%y m ei;(e peiee BcxpeqacTcfl aHaipasu c xpewfl uocxaMH 
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(p«c.5). U t/ieiKBX ceMouiMKOB KouiponbHUx Ouao oOaapyxeao 

TontKO MB cay'ian aKaipaoHUX iiooiob kb 851 npocMoipoHHOK aHaipaBU, 
qxo cocTaB/iflei 0,1^39&. 

OXBBKO CBBAyei oiuBiHik, Kio KapTHBa oPiBBX BapyBeHHa, 0«Ba- 
pyxeHBUX B oeMeaBBKax oPeBbBB, ooiaBion aBanorBBHoK b y umibB. 
TaxKe BapyaeBBA, kbk noflBneaKe UBoroBAepBUx waioic, aapyrneBBa 
annapaia BepeTeaa '(TpexnoBOOBue bbtobu), KapaopeKoac, cnanaaBB 
xpouooou a Bpyrae aaueBaBKH, BcipeaaDTca kbk y oOeBbsB, tbk b y 
Muiuetl (piffc.5). 

IIpeACTaBJifleT wHiepec npoBeciH cpaBHMTeflbHuH anawwa qacTOT 
BoauMKHOBeHaa xpouocoMHUx peopraHMsauwH y Muoiel! a oOesbflH npa 
OAHHaKOBoa A 03 e a b o^aH a tot «e cpoK noc;ie ooflyqeHan. HeodxoAa- 
uo, KOHeqHO, aweib b Ba^y paaflaqaa b Teane K/ieioqHoro AeJieHaa b 

ciiepuaToreHeae y bthx »hbothux* 

npa paccMOTpeHMM cpaBHaieJibHUx abkhux Ha tbOh. 3 moiho 
KOHCT aTHposaTb, hto leun ayiauaoHHoro npouecca, BbiasaHHoro odny- 
qeaaeM, y odesbflH ua il-a AeHb BHaqaieAbHO Buuie, qeM Ha tot «e 
ACHb npa Tofl nee Aose y MuaeH. y odesbBH Ha II-« Aeab oOmaH npo- 
ueHT Bcex H3MeHeHH0 aHa4)a3 ,65,W doBee qen b 2 paaa Baiue, Hew- 
m y MHuiea (29, 94?^). Ecaa ahh <5oHee TOHHoro cpaBHenafl He npauauaTb 
B pacqei roynny odinax HapymeHaa a orpaHanuTbCH aainb noACHeioM 
aHa4)a3 c MocTaiia a (JparMemaMa, to nacTOTa odHapyicasaeMux xpouocoy- 
Hux nepecTpoeK y odesbHH oKaauBaeTCfl b 2,6 paaa Bunie, qeM y MwneH 

(ladn, 3). 

TadJiaua 3 


qacTOTa HAepHHX HapyaeHaB, odHapyxeHHUx b aapoAwnieBax 
KJieiKax odeabflHU a mhidh, sadaTUx Ha II-K AeHb nocae odayqe- 
HHH AO3O0 400 p 


Tana H3MeHeHH0 b aaa- 
(i)a3ax 

OdeabflHa £ 23. 
SadaTa Ha II-0 
leHb. 103a 400d 

MHDia IB < 
SadHTU i 
leHb.Ao: 

}, IB 4. 

IQ II-0 
ja 400 p 

adc. 

qacio 


adc. 

qacio 


1 

2 

3 

4 

5 

AHOManaa Maiosa (komko- 
BaiocTb ^aryp a aenpa- 
BHflbHoe pacxoEAeHHe xpo- 

MOCOU 

626 

51,96 

227 

2I,II 
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I 

2 

3 

4 

5 

AHa4}a3u c oahhu moctou 

52 

4,31 

39 

3,63 

AHa(})e3U c AByuA MociauH 

12 

1,00 

4 

0,37 

Auatpasu c ipeiiA moctumh 

I 

0,08 

I 

0,09 

AHQ(|}a3U c uociOM u ippar- 
UeHTOli 

3 

0,25 

I 

0,09 

AuaipaBU c aaeHipimecKMUH 
(pparueHiauH 

dOO 

8,30 

50 

4,65 

Odmee KOAimecTBO aHa(|)a3 
c HsueHeuuayK 

794 

65,90 

322 

29,94 

KoAHMecTBO aHa^as c uocTauK 
H (ppari4euiaMK m 3 odmero 
qMCAa auaipaa c M3ueBeHiiflMii 

168 

28,66 

95 

II, 12 

KOAHqeCTBO HOpuaAbuux 
aua^aa 

00 

34,49 

759 

70,06 

Odiiiee micAO scex aHa$a3 

1212 

- 

1081 

1 


B CBflSH c 3 THU npeAcias/iaeT HHiepec cpaBHHTt nacTOTy oOHapy- 
tHBaeuux xpoMOcoMBUx nepecipoeK y oOesbauu, 3a(}Hiofl ^lepes 2 ro^a 
nocae od/iy^eHUB Aoaoii 150 p , c qacioiofl xpovocouHux nepecTpoeK, 
HaxoAHubix y utuueE ea 40-il achb nocAe oday^eHua Aosoti 400p 

TadAHua 4 

qacTOia BAepuux eapyineHiiH, odHapyveHHUx b sapoAumeBUx 
EACTKaX OdeSbflH H uuiAefl 


Tunu HSueHeHBfl b 
aHaipasax 

1 OdeabAHa I, 
A03a 150 p. 

! Sadiixa qepes 

2 roAa 

OdeabAHa 4, 
Aoaa 450 p. 
3adnTa qepea 

2 roAa 

Uumb Sj. 

Aoaa 400p. 
SadHxa Ha 

40-li ABHb 


adcoA. 

qHCAO 


adcoA. 

qticAo 


adcoA. 

WUCAO 

% 

I 

2 

3 

4 


6 

7 

AHOMaAMU MHlOSa 
(KOMKOBaiOCTb $H- 

ryp M HenpaBMAb- 
Boe pacxozAeHHe 
xpouocou) 



33 

5,1 

95 

17,89 

AHa4)a3u c oahhu 

MOCTOM 

9 

3,19 

20 

3,08 

9 

1,69 

Aua^asu c AByuA 

MOCiaUB 

9 

0,71 

9 

1,38 

4 

0,188 
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1 

2 

3 

4 

5 

6 

7 

AHacilU’JU c ipOMfl 

MOCTaMH 

— 

— 

3 

0,46 

- 

tm 

AHatJjaabi c qeiupbun 

MOCTQMH 

1 

0,35 

- 

- 

- 

mm 

AHUlllOabl C MOCTOM. W 
IpparMOHTOM 

- 

- 

- 

- 

- 

mm 

Auacliaau c aueHipime- 

CEHUH (pparMOHTaUH 

2 

0,71 

4 

0,62 

I 

0,188 

KoAHqecTBO aHa(i)a3 c 

HaMeHeuHBiiiH 

14 

4,96 

69 

10,64 

106 

19,96 

KoAHqecTBO aHacpas 
c MOCTauM H ({iparMeH- 
TaMH ns oduiero qwcna 
anaipas c nsMeuoHHBMH 

1 

14 

4,96 

36 

5,85 

II 

2,52 

KoAimecTBO HopManbHUx 
anaipas 

268 

95,04 

579 

89,36 

425 

80,037 

Odmee qncno Bcex 
aHacpas 

282 

- 

648 

- 

531 

- 


HecMOTpa Ha paa/iwmifl b aoss m BpeMeHM, npouieAuiew noc/ie oonyuenuB, 
qacTOia xpOMOcoMHux nepecipoeK y oOesbflH Dume nomn b 2 paaa 
(Tad/i. 4). OdpamaeT aa cooa BHHMaHwe tot ipaKT, mto y odesbflHH 
OTcyTCToyioT TaKne HapyuisHwa uhtosQ) kbk KOMKosaTOCTb (pwryp k H6— 
npaBHHbHoe pacxoxAeHMe xpoiiocoM, mto yKasuBaei Ha hx nonHyo onw- 
MHHaUHID B TC*1GH1I6 2 J16T) B TO BpOMfl KBK y MU1116R npOHOCC 3/IMUMHa- 

UHw anoMaAwfi unTOsa aa 40-0 Aenb eme ho saBOpmeH: b coMOHHHKax 
MiiDieft odHapyKHBaoTca AO 18^ laKWX HapyuioHHH. Bo/iee noBUUieHHafl 
paAHO^yBCTBHieAbHOcib sapoAumeBux kaotok ooeabHH k odflyqeaHk^ AO- 
KaaiiBaoTcn laKxe cpaBHOHUOM ubctotu n3MeHeHnB Ha CTaAMH ana^ast* 
y odesbflHH 4, sadHioK qopes 2 roAa nocAO odAyueHHfl ao 3O0 450p 
(ladA. 4), c qacTOTO0 H3MeHeHH0 y Mhiuie0, aadiiTux aa 40-0 AOHb 
nocAO odAy^oHHfl ao3O0 400 p. B 3tou cAyqae koahmoctbo aHa^ias 
c uocTaMH H (JpamoHiaMM y odosbflHU paBHO 5,85^, a y MbiiiiG0 toabko 
2,525S. 

B HacTOfliiiee bpomh OTcyTCTBywT ashuho no HacioTO odmero uyia- 
UHOKHoro npouecca y odeobSH xax cnoHiaHHoro, Tax w wHAyuMpOBaHHoro 
aoHMSwpyiomHM H 3 flyHeHMeM. Tea ho mohoo aa ocnoBaHHH npwBOAeHHHX 
Bunio ahhhhx 0 uacxoTO boshekhobohh/i h odHapy^iaHHJi xpoiaOCOMEHX 
DeopraHH3auH0 mow roBopuTb o donee BiicoKo0 miToreHeTMiiecKO0 
paAHoqyBCTBHTenbHOCTH odesbflH no cpaBHCHMC c MUiiiawn, 
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Bubo A u 

1. 0(5inoe odflyMeHwe odesbflH peHTrenoBbiMH ay^aMll (ao3u ot 
150 p AO 450 p ) BuauBBei npyiiHue noBpeiAeuMfl nApa Ha pasHux 
ciaAHHx cnepuQToreHesa. 

2. K ^Mc/Iy HapyuieHwR m OTiaoHeHim oi HopMU othocbtca; 

a) nMKH03 H AoraHepauMfl flAop; 0) cBMnaHwe xpoMOcou; b) pacnaA 
flAep Ha KapHocoMti w rnudKH ; r) odpasoBaHiie AByx- h yeiupexHAep- 
Hux KfleiOK; a) HapyuieHMe annapaia sepeieHa ; e) aHaipaaHue uoctu; 

*) aHeHipimecKHe il)parMeHTU. 

3 . OOHapyveuu MHBepcuH b cHHanmpyioiqHx xpoxiocouax hb cTaAHH 
npoipaau a sapOAUiueBUX KneiKax oOesbBH. 

4. B MoKose y oOesfaBH o(5Hupy«eHu oAHoxpoMaiMAHue h Asyxpo- 
MaxMAHue aHatpasHue moctu. Oahh h3 hhx BBnjitoxcfl cneACiBHeM Kpoc- 
CHHroBepa b WHBepcHHx, a Apyrwe - pesyjibxaTOM bo3hmkiiiiix xpaHCBO- 
KauHfl. 

5. BOSHHKUIHe HHBGpCHOHHUe H ipaHCflOKamiOHHtie UOCTU, BHOBb 
AaiDiiiiie UOCTU npn AanmeBnieu AefleHuu KiieioK, npwBOAHT, b isoHue 

KOHUOB, K BnWMMHaUlIII 03 HAPS UOflUX XpOMOCOMHUX DfleueHTOB. 3T0 
b CBOlo oqepeAb BususaeT AereHepauuio oTAOJibHux flAop hbh wx reHeiu- 
HeCKyD HenOBHOAGHHOCTb B COCiaBe SpeBUX nOBOBUX KJieiOK. 

6. Odmafl oAHOKpaiHafl Aosa HOHusHpyiomero oOayqeHHa b 150-400 p 
ocTaBBaei BpeAHuH itHToreHeTUHecKutt 3 (}xpeKT b ,HeKOiopux pasuuoxaD- 
AHXcfl KflexKax iioaoboH xeneau itHBOTHoro, no KpaitueH uepe b Tene- 
H 0 e 2 ii 0 T, a, BO 3 M 0 XH 0 , 0 Ha BCD ero nocBeAy>oniy» « 03 Hb. 

7. OKcnepHueHTaabHue ashhub no Bn 0 aHWD paAnauHH na HacJieA- 
cTBOHHue CTpyKxypu oOesbBH 0 Muiiieft noKaaanu Oo/iee BUcoxyD paAHO- 
qyBCTBMTeflbuocTb 3T0X cipyKiyp y odesbau. 

8. IIpeACTaBneHHe o tom, hto rnOenb kaotok b raueToreHese 3 a 
cuei HecdanaHC0poBaHHUx BAep cnycTB A^iwie/ibHoe BpeuB nocne od«y- 
qeu0fl np 0 flOAHT k chhthd AHToreHeiH^ecKoro oilxpeKTa np 0 bosaoBctbuh 
HOHH30pyDnero MSflyneHUB, OKasaBocb HeaepHuu. 

9. yciaHOBBeHHoe pas^in^we b paA0O'iyBCTB0Te«bHocT0 odesbflH 
no cpaBueHHD c uumawH HeodxoAHUo yyHTUBaib npH cospeueaHUx pac- 
Moxax paAMoreHeiHMecKoro a^x^eKia ua MenoBeKa. 
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Piic.3. CipyKiypHue HapyiaeHHfl xpowocoM b weMose y oOeSbflH. 
e-o - ana^Bsa c oahuu xpoiiiocoKHiiiu uoctou x 600; 

B - aHacpaaa c AByuB xpouocouHEUiH uociauH x 600; 
r - aHagaaa c 'leiuptMa Mociaiii! x 900 (ipH xponocou- 
hjjIx, oahh xpoiiaiM^^HiiK) ; a - pwcyHOK aHa$a3U, hbo- 
opaiicaHHoM Ha mhkpoJoto r ; e - aHa^asa c aiteHTpwqe- 
CKHM ^parMeHTOM X 900 ; ic - pwcyHOK aHa^asu, h3»- 
dpaiKeHHotl Ha mhkpo^ioto e 
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Phc. 5. CTpyKTypHbie Hapyuieawfl xpoMocoM b weiiose 
y MLiuieK. a - aHa(|)a3a c xpoMaiHA- 

HUM MOCTOM X 400 ; 0 - anatosa c flByMa 
xpOMocoMHbiMH MOCTawM X 400; B - BHaij^asa 

C OAHHM XPOMOCOMHUM K OAHHM XpOMaTHAHbIM 

MOCTOM X 400 ; r - aHail^asa c moctom m 
^ parMeHTQMH x 400 ; a - aHatjjaaa c (ji^par- 
MeHTaMM X 400; e - TpexnoniOGHHti uhtos x 400 
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